Abstract：The object of this paper analyzes the reliability level of pre-stressed concrete continuous girder bridges designed with the Chinese code (JTG D62-2004) and AASHTO LRFD (2007) using incremental launching method at construction stage. Typical cross-sections used in the example bridge are considered at construction stage. Load and resistance parameters are treated as random variables. The statistical parameters are based on the available literature, test data and survey results. Reliability indices are calculated by iterations using the first-order second-moment method. The calculated results indicate that the reliability indices on of JTG D62-2004 are larger that of AASHTO LRFD, which could provide the references for the bridges on the incremental launching construction in overseas construction and competition.
Introduction
Over the last half century, a large number of pre-stressed concrete bridges has been built or are under construction all over the world. The rapid increased number of this kind of bridges is mainly due to their excellent mechanical characteristics and practical advantages in construction. There is an important construction method which should be considered in designing such structures, which is incremental launching method. The incremental launching method for bridge construction may offer advantages over conventional construction, including creating minimal disturbance to surrounding, providing a more concentrated work area for superstructure assembly, and possibly increased worker safety given the improved erection environment.
It is estimated that over 1,000 bridges worldwide have been constructed by the incremental launching method [1] , the vast majority of which have been post-tensioned concrete box girder bridges. So far, to the authors' knowledge, the reliability analysis has not been applied to the pre-stressed concrete continuous girder bridges using incremental launching method. This study focuses on analyzing the reliability indices of pre-stressed concrete continuous girder bridges (ICSEEE 2015) designed with the Chinese code (JTG D62-2004) [2] and AASHTO LRFD (2007) [3] using incremental launching method during construction the stage.
Basic Information of the Bridge
The bridge, which is a double-parallel pre-stressed concrete post-tensioned continuous girder bridge with the span of 30m+3×40m+30m, is constructed by incremental launching method in the highway, and its total length is 180m. The length of the center of the side pier and the beam-ends is 0.45m, in addition, the length of the side span is 29.55m. The launching nose is 25m long and the ratio of it to main span is 5/8. The geometry of girder is shown in Fig.1 , in which all dimensions are in centimeters. The bridge is calculated by the finite element procedure. The length of calculated side span is 29.55, which is considered as 30m briefly. There are 72 elements and 73 nodes in the total bridge. The length of calculated element is 2.5m, which includes 10 elements and 11 nodes of the launching nose with the length of 25m. The numbers of nodes and elements of the launching nose are 1~11 and 1~10 respectively, the main girders 11~83 and 11~82 respectively as well. The segments of incremental launching are 10m+5m+15×10m+5m+10m. The nodes and elements in the bridge are shown in Fig.2 
Load model
The major load components for highway bridges are dead load, live load, dynamic load, environment loads (temperature, wind, earthquake), and other loads (collision, braking). In this study, only the first load and pre-stressing are considered, the load models are based on the available statistical data, surveys, inspection reports, and analytical simulations. The load variation is described by cumulative distribution function (CDF), mean value or bias factor (ration of mean to nominal value), and coefficient of variation. Dead load is the gravity load due to the self weight of structural and non structural elements (prestressing force in this study) permanently connected to the bridge. Two components are considered: D 1 =dead load due to cast-in-place materials (bridge girder), and D 2 =dead load due to asphalt overlay. All components of dead load are typically treated as normal random variables. The bias factor (ratio of mean to nominal), λ =1.03, and coefficient of variation, V=0.08, for D 1 , and λ =1.05 and V=0.10 for D 2 [4] . For asphalt wearing surface it is assumed that mean thickness is 80 mm.
In concrete structures, pre-stressed effects are generally considered as a force being applied to the structure. A pre-stressed force P(x,t) at a distance of x from the anchorage at time t may be expressed by the following [5] :
Pxt ∆ are the initial pre-stressed force and the pre-stressed losses, respectively. JCSS [5] proposes that we retain the value given by the standard or regulation as a mean value for the losses, and to take those found in Table. 2 as coefficients of variation. 
In this formula, ' ck f is the standard value of the compressive strength of concrete at the center of the axis at various stages of manufacture, transportation and hoisting.
According the AASHTO LRFD, the compressive stress 
In this formula, ' c f is the specified compressive strength of concrete for use in design.
The resistance model statistics of the codes for JTG D62-2004 and AASHTO LRFD are shown in Table. 3. 
Reliability analysis
Reliability analysis is performed for pre-stressed concrete bridge girders designed according to the considered codes. The reliability index,β , is defined as a function of probability of failure, P F ,
where,
Φ is inverse standard normal distribution function. An iterative procedure is used calculate the reliability index as described by Ming Zhang [14] .
Due to the force at the construction stage of the pre-stressed concrete continuous girder bridge using incremental launching construction, two cross sections, which include the maximum moment and the minimum moment, were chosen according to the bending moment diagrams of the construction stage to calculate the reliability index.
The Figure. 
Conclusions
The reliability analysis is performed for pre-stressed concrete bridge girders designed on the incremental launching construction according to two codes: the code of JTG D62-2004 and AASHTO LRFD. The load and resistance parameters are treated as random variables, and the statistical parameters are taken from the available literature, test data and survey results. Subject to the limitations of the assumptions and parameters in the study, the following conclusions can be obtained:
(1) The calculated reliability indices vary considerably on the construction stage for the two considered codes.
(2) At the construction stage, generally, the calculated reliability indices results in the code of JTG D62-2004 are larger than that of AASHTO LRFD.
